SUMMARY Recordings were obtained from slowly adapting mechanoreceptors innervating the posterior aspect of the cat knee joint capsule. It was observed that, with rising intra-articular volume, initially both intra-articular pressure and the neural discharge increased. This increase was dependent on the rate of fluid accumulation within the joint. However, the joint nerve discharge invariably levelled out despite increasing intra-articular volume and pressure. This suggests that there exists some limit to capsular distension in the posterior joint region beyond which fluid is diverted to other areas of the knee joint.
Joint receptors are known to play an important role in the appreciation of limb position,' and in the reflex regulation of muscle tone.2 It has been demonstrated that these receptors exhibit 2 types of discharge: a rapidly adapting discharge responding to movement transients and a slowly adapting discharge which is maintained at static limb positions.3 ' The former type of discharge has been correlated with paciniform corpuscles and the latter with Ruffini endings,3 both of which are located in the stratum fibrosum of the capsule.5 Structures resembling Golgi tendon organs in the knee joint ligaments also exhibit slowly adapting responses. 4 Previous investigators have also demonstrated the pressure-volume relationships in rabbit6 and human knee joints7 8 and how this relationship is affected by inflammatory joint diseases such as rheumatoid arthritis. 7 8 However, while a considerable body of knowledge has been obtained concerning the pressure-volume relationships and the properties of joint receptors, little work has been done on the effects of increased intra-articular volume and pressure changes on the discharge of slowly adapting joint receptors. Andrew and Dodt' observed that an intra-articular injection of saline into the cat knee joint caused an increased tonic discharge from the joint nerve, but they did not quantify their results. DeAndrade et al. " have shown that intra-articular injection of plasma into the oil. It can also be seen that, 10 minutes after the infusion has stopped, the pressure after saline infusion has declined almost to preinfusion levels due to a combination of stress relaxation of the capsule and saline absorption, whereas the pressure 10 minutes after the paraffin infusion is still 18 cm H2O above the preinfusion level. Thus the more gradual decrease in pressure after paraffin oil infusion is solely a consequence of stress relaxation of the capsule. Although saline infusions are of limited usefulness due to saline absorption, they can be utilised to advantage for repeated infusions at different rates, as there will be no cumulative increase in intra-articular volume. Such infusions show the dependence of both pressure and PAN discharge on the rate. Fig. 3 shows infusions of saline at 3 different rates:
100 ,Almin, 250 ,Al/min, and 500 ,/min. It can be seen that at any given volume the pressure obtained is higher if that volume is infused at a higher rate. This occurs even though there will be an increased rate of absorption of saline at higher pressures. The same kind of effect is seen with the PAN discharge; the rate of increase of PAN discharge is greater for higher rates of infusion. Fig. 4 shows an example of the type of trace obtained with a constant infusion of oil into the joint at a rate of 250 ,ul/min. It can be seen that with rising intra-articular volume both the PAN discharge and intra-articular pressure rise, and both decrease concurrently post infusion. However, it is noticeable that the PAN discharge levels out and remains constant while the infusion is proceeding and intra-articular pressure is still rising. This could be due to insufficient time for fluid to diffuse throughout the joint, and can even occur with saline infusions (Fig. 3) . Therefore, step infusions were administered with a constant time interval between each step to allow such diffusion to occur. Fig. 5 shows a typical example of the type of trace produced by 0-1 ml step infusions of oil into the posteromedial region of the joint. The pressure exhibits an initial rapid increase during the infusion and then a gradual decay due to stress relaxation of the capsule walls, while the PAN discharge also shows an initial rapid increase, due to the increase in pressure activating the joint receptors, and then group.bmj.com on May 1, 2016 -Published by http://ard.bmj.com/ Downloaded from adaptation to a steady level. However, this adaptation occurs in 2 stages; an initial rapid decline probably due to receptor adaptation and a slower decrease which follows the decrease in pressure.
The effect of increasing intra-articular volume on the posteromedial pressure and on the fully adapted PAN discharge is shown in Fig. 6 . As intra-articular volume increases, the discharge of the joint receptors rises until a maximum plateau level is reached at about 85 impulses/s. The posteromedial pressure, however, shows a monotonic rise with increasing intra-articular volume. Similar results were obtained when the lower viscosity mixture of silicone oil and paraffin was employed.
Discussion OIL VERSUS SALINE AS INFUSATE
The pressure-volume curves obtained on continuous infusions of both saline and oil confirm that saline is absorbed across the synovial membrane while oil is not."3 At any given volume the pressure with oil as the infusate is always higher than with saline. As intraarticular volume is increased, there is an increased drive for saline absorption across the synovium, thereby reducing the pressure which can be obtained by such an infusion. Since oil is not absorbed, use of this as the infusate therefore allows accurate increases in intra-articular volume to be obtained, and true pressure changes associated with such an increase to be monitored. It can also be seen that after the infusion has stopped there is a decrease in pressure in both saline and oil curves due to stress relaxation. This is in agreement with the results of Knight and Levick,"5 but, whereas the oil curve is still well above its preinfusion level after 10 minutes, the saline curve has almost returned to its preinfusion level due to the additional factor of saline absorption.
RATE OF INFUSION
The pressure-volume curves for different rates of infusion of saline (Fig. 3) show that the capsular deformation must be time dependent-i.e., at higher rates of infusion, the joint capsule cannot deform quickly enough and so a higher intra-articular pressure results. This is also reflected in the PAN discharge, where the rate of increase in the discharge is greater for a higher rate of infusion, indicating an increase in the stress applied to the receptors. The plateau phase of the PAN discharge curves for 250 ,tl/min and 500 ,ul/min infusions may be due to the temporal limitation for capsular deformation or to fluid movement as will be discussed later. The dependence of the PAN discharge on the infusion rate may help to explain the observation that some patients with an inflammatory joint effusion may experience pain while other patients with a similar or larger volume of effusion report no discomfort."6 It may be that the time taken for such an effusion to develop is an important factor in determining pain and pressure sensation within the joint. The dependence of the pressure-volume curves on the rate of infusion of fluid is similar to that obtained by Knight and Levick15 in the rabbit knee joint. Fig. 4 shows 
